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CIIEXIICAL and spectrographic studies regarding the mineral com- 
position of the animal body have rerealed the presence of “ t r x e ”  
amoiints of strontiiirn in living tissue. Stoeltzner’ has reported the 
first description of this by KSnig in 18i4 and her own experiment of 
feeding dogs with strontium. She found a selective uptake in the 
spongiosa and in the epiphyseal regioiis of the bones. Gron-ing ani- 
mab which were maintained on a diet low in calcium and in tvhich 
the  normal calcium requirement v a s  replaced by strontium dew!- 
oped toxic symptoms clinically resembling rickets. The strontiurn- 
fed animals shon-ed a considerably higher amount of 11-ater-soluble 
alkaline earth content in the bones than is found in rickets, arid 
thercfore a biochemical difference between the two ‘elements \vns 
apparently demonstrated. Lehnerdt‘ found tha t  a part of ingested 
strontiiirn was excreted in the milk. He nlso fonnd a considerable 
amoimt in the bones of suckling young. According to lIcCollum.s 
\\’heeler (loc. cit.) found tha t  strontitim was capable of rrplacinc 
calcium t o  a considerable extent in the eggshell a n d  in the Itnnes. 
Shipley (loc. cit.) and coworkers pointed orit that  this mineral cannot 
rcplwe calcium in notmal bone for mation. I<enney and l IcCollurn 
(Ioc. cit.) confirmed these observations. Drea (loc. eit.) shoved thnt 
strontium is one of the elements xhich pass from the food and water 
into the hen’s blood and egg, and then into all of the tissues of the 
embryo. 
The cyclotron (Lawrence et a1.I) has made available a supply of 

the radioactive isotopes of calcium (&a“) Rnd strontium (Srso). 
By ineRiis of these I’echrrl.M,’ was n l h  to  rewlve the rwults id 
classicnl investipntions into a quantitntivrly nccurate forinilliitirui 
o! the exchange of calcium and strontium. Ilc found that :  

: 1. CH a dose of radionctive calcium, 58% nns recovered frorii 
the skeletons of mice after 24 hours. Of n dose of radioactive strim- 
tluni, 83 % wa3 similnrly r e c o ~ e r e d . ~  

.. --- 

Thb work h u  bctn carried out throurh the support of thc Rockefeller Foundn- 
don and the Columbia Fund for Medical Phyaicn. 
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2. In the  cnse of both radioactive strontiuni and railinactive 
calcium the activit? of the skeletons of mice indicated that nenrl!. 
maximum uptake was reached 8 hours after intravenous RC~llt i l t iS- 
tration: 

3. Bone uptake of radioactive calcium nnd radionctive stroiitiurtl 
was nearly three times ns p e n t  follorving intravenous administration 
as thint follo~ving oral adininistrntion.6 

4. Radioactive calcium and strontium originally fixed ill the skelc- 
tons IDf mice vas found to migrate t o  the fetuses during the lnst 
daFs of pregnancy and to  be transferred to offspring tliroiigli 
lactation.' 

5. liadio-strontium ndministered intravenously to  lactnting e n i n  
n-a5 recovered in the milk in the amount of about 10% of the t lo~c,  
during the  first 41 dnys following administration.' 

T h e  demonstrntion of the se1qtir.e localization of c~lciuit i  niid 
strontium i n  bone has suggested strongly the applicntion of the 
radioactive isotopes of these minerals to  clinical metabolic studies 
nnd ptmiblt. to therapeutic bone irradiation. Because of its reln- 
t i d y  greater availability radioactive strontium has heen selected 
for this purpose. Pecher- has reported clinical and postmortrnl 
studies n-ith radioactive strontiuni on R group of ceses or carcinotnii 
with demonstrated bone metastases. 
Figure 1 demonstrates the method of treRtment usually employed 

in thesc cases. Response of the red blood cell level is shown. The 
loneriiig of the phosphatase' value and its maintenance a t  a point 
only slightly above the normal limit over a considerable period of 
time is also indicated. 

The  rwen t  work of Voodnrd and Higinbotham'o has deinon- 
strated high phosphntase values in osteogenic tumors. In inmy  
such cases the phosphatase nctivity of the tissue is reflected in 
elevated values for serum phosphatase. These authors ha1.e nlso 

results in lowering the phosphatase activity of both the tumor and 
the serum. These facts, together with the demonstrated reduction 
of serum phosphatase activity by the  administration of radio- 
strontium in the  case cited above, suggested the possihilit). of n high 
uptake of strontium hy mtr-nprnic tuntor t iww. 7'1ie .;r4cc.ti\.t- 
uptake of retlio-phoy~11ui-11.; (ImJ) i i i  soft tiwie ttilnor c , td l . i  hi 1 w i i  

shown hx .lories, C h d d T  nntl I,atn.rrncc? to I)e pttatcr t h a n  i i i  nil!. 

other tl3)e of soft tissue. .\ parallel hetrweii this hehnvior R I N I  tliiit 
ni r~di+stront ium in osseous titmots aould appear to be prolialde. 
Therefow, i t  has wemed desirahle to invcstigotcs the iiietnbolisiti of 
trlnrors 'of the bone with the aid of radio-strontium. Acrorclitinly. 
w i a l l  doses of ra~linnctive strontiuiu have heell ndniinistrrrrl to 

. 
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shown tha t  inactirrtion of such tumors by external irradietion I 
t 

i 



6 such cases, prior to biopsy or amputation, and the tissues hRve been 
assayed to determine uptake. The following is a report of these ' inyestigations. 

O.W.1. 
CA. 01 MOSIAlT nTD4 
D M  NCllSTUCS 

t 

momnf 

'1910. I.-Cnrcinomn of the proftdtc with hone mctnatws'  reapnrlse of serum 
ghoaphatnse. hcrnoglohin mnd red blood cell levcla to rndio-strontirinl therapy 
(+ora indicnte fractioninp 01 total doaes ahown.1 
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2. ~'imues for k a p  were reduced to aliquots of approximatel;* 1 gun. trct 
might. and rshcd a t  400' C. 

3. Ash& samples were assayed for radioactivity on a standnrdited 
Du Brid e electrometer or a Geiger counter and compared with a ur~niuni 
standarb: 

ReauIts. CASE 1. 0 li-veer+ld white male school bop, weiqht 
130 pounds, entered the Univenhy Hospital AIay IS, 1941, complnininp; 
of constant pain in the right hip. Past history revealed that the patient 
had fallen on his ri ht  hip 6 months enrliw without immediate serious sfter- 
effects. In April t t e  patient noticed that the right thigh was longer thnii the 
left and that he was lim in. : Stvellin over the right femoral trochanter and 
up r portion of the rigit fium had feveloped, and he had lost 15 pounds. 

g e  family history shoys that 1 brother died at the age of i years of 
osteogenic sarcoma following the fracture of the right femur. Another 
brother died at the age of 12 yearn of carcinoma of the colon. 

The roentgtnoqram showed a large soft tissue mass with calcification ark- 
ing in the right ilium and spicules radiating from it, the typical appearmce 
of osteogenic snrcoma. A biopsy resulted in the dingnosis: chnndrosarcnnln 
(osteo enic sarcoma). 

On !fay 20, 1941, 1462 pc. of mdio-strontium %as adminktered iiitrn- 
venously, and on May 20 a second biopsy was taken. , 

i . The times were asl;ayed,with the following remits: 

TLNM 
hfurle  (normil?) . . . . . . . . .  0 1476 0 010 
F a i t .  . . . . . . . . . .  0 . W  0 00013 

Bane and m i n o r  . . . . . . . .  0.1948 o oiai 
&me (infiltrated) . . . . . . . . . .  0 498 0 034 
'hmor . . . . . . . . . . . .  0.a81 0 024G 
Bloodclot . . . . . . . . . . .  O W  0 M H O  
5b.h (norrnrl) . . . . . . . . .  , 0 a42 O M 2 3  . 

Bcme (app.rcntl;uninrolred) . . . . .  0 244 0 0166 

CASE 2. -8 2i-yearald white male, weight unknown, wns adtiiitted 
to theVniversity Hospital in April, 1941. Pnst history showed that he hnd 
a spinil fracture of the right femur in 193i. One month later a roclitgetlo- 
~m of the knee joint rwealed a tumor involving the external condyle. 

So hiopsy was 
made at that time. 

The patient was treated with Roentgen ray, and the area became niore 
dense and quiescent. In February, 1941, a tumor was noted inrohinp. 
the lower thwd of the thigh. Roentgen ray examination revealed a chiefly 
atracortical tumor showing elevation of the periosteum and small "'specks 
of cal,cification Kithin the tumor." On Roentgen ray films taken in .lpril, 
1941, the tumor still nppenred to he crtrnmrticnl. The old ,frocrnre linc 
was still di*ceriiilile. tMitwtrontinni (1  IS3  ~ c . )  1vn4 ndini!llcterrtl nroily 
Ap il 29 1941. at 11 P.M. Atnputntion w n s  lxrfoniicd Aprd 30, 1CU1. a t  
1240 P.$. Yicrotcopic ernmiiiatiou rcsulted ill the dingnocis: (,-ten- 
blwtic osteogenic snrcoinn of the feniur. 

IS wrm diagnosed radiologically as n giant. cell tumor. 
I 

! 

i 

i 
I 

Tissues were assayed with the follovinp results: ! 
I 

: s k i m .  . . . . . . . . . . . .  o m  

xrrmr.  . . . . . . . . . . .  o m 4  
, 'Tumar  . . . . . . . . . . . .  0 w:3 

'.Fa; . . . . . . . . . . . . .  0 00361 

:'Femur . . . . . .  . , . . . .  00131 
SIVI.el* , , , , , . . 1 .  . , . , 0 0036 

0 m 3 . l  
0 MX)R 
0 m 3  
0 u o l i  
0 Ooon  
0 OOoGl 
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a 13-yeardd white male student (wight 107 pounds), 
eutered the ' nirenity Hospital on June 24, 1941, because of gradual onset 
of pain and tendcrness aswciated with pressure of a tumor inass in the 
upper right tibia region. Pnst history revealed that he was perfectly well 

. C.& 3. 

F ~ G .  2.-R Rorntmiormm of scriion of l f lr  [Caw 3) .  h. .Autorndiopraph nf 
s r r t i o n  or lrp (Cnrc : $ I ,  rhonlnn ronrrntrntion or ST,, in tunm nnil nt epilrhywni 
IIIIP.  ,,, 

until T n b k s  prcvioualr, at which time he n'ss struck in thia region b r a  soft 
baseball,' The imniedhe. nin sulsided after n few days only td return 
sbout 1 reek later and gnt81ally to progress. The pntietit wan then hospi- 
talized. :Trinpmture nn entry was normrl. There was n rather diffuse. 
egp-~id.,av:ellinK over thc anterc-niedinl a%pect of thc upper end of the 

I 
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right tibia with some increased local temperature, moderate tenderiiezs to 
pressure, and dilation of the superficial veins. There wns no lyniphaden- 
opathy. Biopsy (June 26): osteo nic sarcoma. Radio-strontium (357 pc.) 
was udminiatered intrnvenously K l y  2, 1941. Amputation \vis performed 
on July 7, 1941. 

F i p t e  2 show the roeiitgenopm and autoradiograph of the section 
submitted for activity a m  . 

T i w e s  were assayed witi the following results: 

Ti"* 
Femur qmngiom . . 
f'emur eplphyscal line . 
Cartilns (femur epiphysis) 
Elone with tumor (front) . 
Elone with tumor (back) . 
Alumle . . , , . . 
Fst . . . . . . .  
Tumor . . . . . .  
S k i n .  . . . . .  
Femur corkx . . .  

hdicutronnum %Irm i t w w  of 
uphks pc lgm done 
0 0066 0 0018 
0 108 0 029 
0 0318 0 OOSS 
0 1461 0 041 
0 1686 0 MI 
0 0052 0 00146 
0 ow2 0 oooo5 
0 0996 0 0279 
0 0772 0 0215 
0 OM2 0 015 

. . . . . .  

'CASE 4, h a  O-yenrdd white female (weight 85 pound.). \vns 
rdmitted to t e Universit Hospital Fehniarv 21. 1941. About 3 months 
prior to admission a sinall lard swelling vas oherved over the distal portion 
of Iha ventral surface of the right forearm. This tvas not painful and did not 
appertr to be inflamed. The motion of the wrist was not restricted. There 
was 110 history of trauma or injur?.. A Roentgen examinntion w e  made. 
and 1% diagnosis of bone tuinor resulted. On a biopsv the diagnosis of 
Ening's tumor of the radius was estsblished. A seriii of Roentgen ray 
treatments was instituted immediatelv over the extremity and the chest, 
and the local mass disappeared ahnosicompletely. Roentgen exnniinntion. 
bowever, atill revealed evidence of a tumor in the right forearm. Pain had 
developed during the 3 weeks prior to this examination. At the time o l  
admiuion thcre append  to be no abnormality in the contour of the right 
forearm, hy ohtewation or palpation. There was no tenderness. About 
9 monthr after the first admision the patient returned because of n rapidly 
mcreiismg mass involving the right forearm. There vas no tenderness 
except on r em firm pressure. Roentgen examination revealed a definite 
incmwe in th i  tumor mnss involving the right rndius so that the entire 
shaft WM then involved. There WM extensive invasion of the soft tissues. 
Xo metastasis to the lungs was demonstrated. Radic-strontium (32G pc.)  
m s  administered intravenously September 25, 1941. Amputation was 
performed September 30, !94l. 

Tirsues were w y e d  with the following reults: 
Ikdicutrantium %/Em tisauc 0 1  

T i e  U D h k t .  rc.lm. d a e  
C:ortex of ulna (normsl bone) . . 0.032 0 On98 

Tumor. aamplc 1 (of rndiiia) . . .  0 OlOC 0 0032 
, Tumor. 8ample 2 (of mdiusl . . . . .  0 0122 0 w133 . E's; . . . . . . . . . . . .  Trare 
'i. Muscle . . . . . .  Trace 

Skin . . . . . . . . . .  Trace 

.CASE 5. -a M-vear-old white male (weight 131 pounds), \vas 
admitted to the nivemity Hmpitnl Auaost 22, 1041. About 18 nitnithk 
pnor to admiwinn the pnticnt had developed pnin in the portcrior plritcnl 
d o n  over the sciatic nutch. At the mile titire he tlevclopcd 5 l i i i r p  or thr 
left-hip. Six months later the *jn hnd extended do\vn to the inner n y m t  

E:piphyaeenl lntcrnl htinirrnl rondylc (nornrnl> 0 02442 (1 011; 
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of thc left knee. The left leg became weak and there waq considernhle 
niuscle atrophy of the lower left extremity. During the 6 months preccdiiig 
admission there was constant pain involving the left hip-nnd the upper 
partion of the left thigh. There was moderate obstipation and 40 pounds 
t ~ 9  in wcight. On admission, examination revealed a large firm mars 
palpable in the lotver left quadrant. There was considerable muscle atrophy 
of the left lower extremity. The motion of the cxtremity a t  the hip 1vas 
limited in all directions. ?here was diminished pain to touch over the dis- 
tniution of the left second and third lumbar segments with motor loss and 
atrophy of the abductors and of the flexon of the thigh. The left knee jerk 
wan absent. Roentgen examination of the pelvis showed an extensive 
Iision of the bone inrolring the left ilium, ischium, and inferior pubic ramus. 
There was expnnsion of bone: moderate areas of bone destrurtinn; perinsteal 
thickening; sild new bone fomiation. The appearancc was strntigly s r ~ p -  
Restive of osteogenic nlrcoma. Radic-strontium (3S2 pc.) ivas adminiptered 
i,ntravenously September 3, 1941. A biopsy was perfonncd September 9,  
IM!. 

Tissue3 were assayed with the folloiving results: 
Radic-attontiurn %ism t i c w c  01 

... 0.183 0 082 
Twue IIDlake. rC.krn. dDsc 

. . . . . .  Bone tumor 
Subcutaneous timue and laacih finrolrcd) . . 0 098 0 0016 
Muscle . . . . . . . . . . .  0 0124 0.0021 
BUU . . . . . . . . . . . . .  ooose 0 W14 
F s t .  . . . . . . . . . . . . .  t 

CASE 6. ma 21-year-old white male (n-eight unknown), rvns admitted 
to the University Hospital August 4, 1941. Seven months prior tn admis- 
cion the patient was struck by a heavy piece of metal which produced 811 
cicchymotic area over the outer aspect of the ri h t  thigh and which seemed 
of no consequence. About 2 months later a sight swellinu was observed. 
At the enme time a pain developed in the region of the riEht thigh, but this 
TVM not seven, enough to incapacitate him. One month prior to ndmksion 
ibe pain became more intense. An operation was rformed nnd nn ec- 
tnpsulakd tumor was removed. This w+s diagnose$% m qc-fibro-osteo- 
imreoma. Physieal examination on admission revealed a arm, somewhnt 
tender ma= mkasurin npproximately 10 em. in diameter. directly above 
the incision resulting k,m the previous operation. On palpation the m w  
tmld not be clearly deniarcated from the surrounding tissues. There \va* 
no evidence of inguinal metastasis. Roentgen exsminntion revealed 110 
metastasis to the,parenchyma of the lungs, but examination of the upper 
T A B L E  l . -Urtmr or Rnar-olrrruw-Mlcnocunl~srrn Ox. AND la OF Doer 

PER OII.-T~O~UE-WST Wnom 
C m 1 .  C !  c m  c& c* cu:. - 

Normal bont : re . /m.  . .  0.244 0.0131 0.0342 0.0.0320 . .  0.078 

70dmelm..  0,OM 0.001i 0 . O I S  0 . 0  OOllB . 0 Oi2 
b.O.0241 

b. 0 0010 
In61trntn l  how:rr.:rm. , O.MV8 0.00:3 e . 0  1401 

b. 0 15S1: 
%do.s/m. 0.034 0 OOW 0.0 MI 

b. 0.044 
Tumor:.r./im. , . , . 0.0361 . 0.0oBb e.O.uIO6 Ow%? 0 >SP 

% dosaclrm. . , 0.0240 . 0 0218 0.0 M)12 0.082 0 000 
b.0.0122 

Skin: re.lcrn. . . . .  0.342 
% darirm. . . .  0.022 

X!t,rrle: "<.I m. . . .  0 .  I l l S  
%Lim. .  , . 0.010 

Fst: d r m .  . . . . .  U.CW4 
'I %ddaekm. , , . O.ooO1 

O W  
0 m 3  
0.0031 
0 m a  
0.0034 
0.0003 

0 0712 
0 0218 
0 0062 
0 rmI4 
0 tm2 
0.0005 
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right thigh ahowed a soft tumor maw in the upper portion of the thigh 
just below the trochnnteric line. There was also an irr Iar area of calcifi- 
cation measuring approximatel 6 by 3 em. which wvs%erat and slightlv 
posterior to the shaft of the zmur. I t  appeared to hare no connectioii 
with the femoral shaft. Radi+strontiurn (650 pc.) was administered intra- 
venously August 2, 1941. An operation was perfonned Auguat 6, 1941, 
and a tumor meaauring 5 by 4 by 3 cm. was removed togcthet with the Bur- 
roundintr muscle. There no histologic evidence of malignant trirnor in 
these tissues. 

T i~ucs  were assayed with the following results: 
R.dib.trantiurn %/rm. ii.cur of 

Th"t YDYkc.  pt.lrrn. dme 
Bono (uninvolved) . . . . . . . . .  0.07s 0.012 
Tumor . . . . . . . . . . . .  O.bS6 0090 
Jlus:ls . . . . . . . . . . . .  0.005 0 MMi 

Dhcussion. Despite the marked difference in tlie uptnke of rtidio- 
strontium by various tissues, there is ample evidence thnt the niesi- 
mum oc~cclirs in bone and tumor tissues. I n  soft tissues variation is 
especially noticcahle, brit a somewhat striking concentrntioii is 
observed in several of the cases in the skin. This lins suggested the 
desirability of investigating the  rdle of the skin in strontium metah- 
olism. Such studies nre now in progress in this laboratory. I t  is 
noteworthy tha t  different parts of the tumor show marked diPier- 
ence9 in the uptake of strontium. This inight be duc (apart froni 
causes :such as vasculnrization, regrcssive 1ocnI changes, nnr! 90 on) 
to difference in the  metaimlie rate in different pnrts of the tiirtior. 
tlcpendinR on thc state of cell devcloprnetit nt the  tiinc of biopsy. 
T h e  high uptake of strontium in arens vhere new bone is being lnid 
clot\-n. ,whether this be riortnnl or neoplastic. indicates thot radio- 
nctive !drontiiim will provide a vnluaide tool in the study of bone 
healing after experimental fractures. A s  with radioactive phos- 
phorus in the case of new soft tissue cells, the rate of the laying dotvii 
of new bone cells can be determiued with lahelled or radioactive 
strontium. 
In order to evaluate the  radiation ef7ects of large doses of radio- 

strontium and to compare them with the effects of external sources 
of radiation such ns Roentgen rays, it i3 desirnble to nttempt to con- 
vert the radiation emitted hy radio-strontium into r units. This 
can be estirnntetl from tlie energy of the  emitted particles. Ihrlio- 
strontium emits heta rays. Ita linlf life is 55 rln\.s Rntl it3 nicnii 
RI'ernp' lifc is X . I i  dnys. 'I'he mnsiiiiiiiii c . t i c r p .  nf riiliiatioii i3 

1 ..i 3IEV.  The  particles from rac1ir)active suhstniices. however. 
have different erirrpies (cnritiiiuous spectruni) ; tlierrfore. the nieiirl 
e n e r a  values must be taken into calculations. I:or rnrlio-strniitiuin 
this is0.?5 MEY. According to this energy per particle: One mirro- 
ntrie af radio-drotttiirrti yicMs SS r irnifs dai ly  p c r  gmnr of  ti.^^, 
assuming uniform distrihution. Howcver. strontiriin is tnken tip 
mainly by osseous tissue. so thnt the radiation is concentrated chieHy 
in honp nnd osteogenic cells. 



It would nppear from the foregoing that indimtions exist for the 
experimental therapeutic use of radio-strontium in caSes of certnin 

. bone tumoaj. Particularly this would appear to be justified in view 
of the  exceedingly bad prognosis in such cases, and because of the 
meagre resources which now exist for their treatment. Because of 
the knon-n high resistance of bone neoplnsms to radirtion. experience 
may prove tha t  rndio-strontium has therapeutic rnlue chiefly as nn 
adjunct to ex-ternal radiation (Roentgen rays, radium, neutrons), ns 
r means of increasing total radiation to  the affected areas. 

Ptirsuant t o  these ideas. radio-strontium is now being applied 
therapeuticdlg in several of the cases here reported and in se\.ernI 
patients suflerinp from skeletal prostatic metastases. Later publi- 
cntions will describe these clinical studies. 

Summary m d  Conclusions. 1. Investigations concerning the 
metabolism of calcium and stronticim by menns of their inert ant1 
rariionctive forms have heen revie\wd.- 

2. Preliininnry clinical studies with radioactive strontiuin i l l  

hreast and prostatic carcinomn with bone metastases are reported. 
3. Administration of radioactive strontium to G cases of bone 

tumor prior to  biopsy or amputation s h o w  uptake chiefly hy 
groning bone and by osteogenic tumor tissue. 

4. Yariauis considerations seem to  justify the therapeutic use of 
radioactive strontium in certain bone tumors. Clinical studies 
along this line are  now in progress and will be reported a t  a later date. 
We xkh (0 cxpms our appmut ion  to the I ta6 ol the Radiation Lahoratory. and 

pnrticularly to Dr. Martin Kamen. lor gennwa  c&peration in supplying radioactive 
strontium n d  in this study. r e  are indebted to Dr. Joaph  Hamilton lor the 
autoradiomph shown in Fimn 1. and we r i i h  to thank Dra. Leroy hbbott. Keens 
Hddeman and other mcmben of the Department ol O r t h o d i e  Surmry of the 
University of Crlifornia Hospitil lor permittine U L  to cnrry on thew rtiidies on their 
pntienta. 
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